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A quasi-2D model of hydrodynamics and sediment transport has been developed in this study. An 
eddy viscosity model with a function of artificial viscosity has been applied to the Boussinesq-type 
equations to produce wave decay as well as sediment transport due to breaking. Numerical results are 
then compared with laboratory experimental data in order to verify the applicability of the numerical 
model. The results demonstrate that the proposed eddy viscosity model can be used to simulate wave 
propagation in the surf zone as well as suspended concentration distribution. Erosion before the breaking 
point can be predicted fairly well. However, the bar crest and erosion in the surf zone can not be predicted 
accurately. 
 
Key Words : Eddy viscosity, fall velocity, quasi-2D model, sediment transport. 
 
 
1. INTRODUCTION 
 
In recent years, prediction of wave propagation in 
the coastal region with acceptable accuracy has 
become increasingly important to engineers. Due to 
present computational constraints, time-domain 
modeling of large-scale wave evolution in the 
nearshore zone requires approximate equations. In 
quasi-2D wave modeling, vertical distribution of 
water velocity is approached by unique method. 
Boussinesq-type equation (BTE) is becoming 
increasing popular for this method. These equations 
have been used to accurately predict wave evolution 
across large basins, wave breaking over irregular 
topography, wave-structure interaction, and 
wave-induced current patterns. To simulate 
nearshore morphodynamics, some method must be 
employed to approximate breaking, wave-induced 
current and suspended sediment distribution. 
Several artificial viscosity models to determine 
dissipation term for breaking wave based on BTE 
have been proposed by researches. Zelt1) proposed 
an artificial viscosity to produce the dissipation term 
due to turbulence generated by wave breaking and 
bore propagation. It was treated by a diffusion term 
in the momentum conservation equation. Kennedy2) 
used a momentum-conserving eddy viscosity 
technique to model breaking. This is somewhat like 
the artificial viscosity formulated by Zelt1), but with 
extensions to provide a more realistic description of 
the initiation and cessation of wave breaking. 
However, these artificial viscosity models can not 
be used as the actual eddy viscosity. On the other 
hand, it has also been recognized that the eddy 
viscosity is an important variable for calculating 
suspended sediment distribution3). 
Suzuki4) combined a three-dimensional Large 
Eddy Simulation (LES) model and a sediment 
pickup/advection module to study the sediment 
concentration due to breaking wave. However, the 
simulated sediment concentration was 1.5 times that 
of the experimental results. An eddy viscosity model 
has been developed5) to simulate wave decay under 
spilling breakers in the surf zone. In the present 
study, this eddy viscosity model will be validated 
for the plunging breaker case. Further development 
will be done by applying this eddy viscosity model 
to simulate sediment transport. 
 2. WAVE MODEL 
 
Numerical model for wave propagation based on 
Boussinesq-type equations have become an 
important tool in coastal engineering, especially in 
applications where reflection and diffraction as well 
as nonlinear wave-wave interactions are important. 
The Boussinesq-type equations for conservation 
of mass may be written as6): 
0=⋅∇+ Mtη  (1) 
where η is the free surface elevation, the subscript t 
denotes partial derivative with respect to time, and: 
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where h is the still water depth and D = h + η. The 
associated momentum equation is: ( ) 212~2 ΓΓugUt ++∇−∇−= δη  (2) 
where U, Γ1 and Γ2 are given by: 
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The above equations are only valid for 
non-breaking wave, thereby some additional 
approximation must be made to model wave 
breaking. Kennedy2) used a simple eddy 
viscosity-type formulation to model the turbulent 
mixing and dissipation caused by breaking. The 
mass conservation in Eq.(1) remains unchanged, 
while, with the additional of breaking terms (Rb), the 
equation for momentum conservation, Eq.(2), 
becomes: ( ) bt RΓΓugU +++∇−∇−= 212~2δη  (3) 
where: 
( )( )( )xxKb uhvhR αηη ++= 1   (4) 
The artificial viscosity ( Kv ) is formulated as
2): 
( ) tbK hBv ηηδ += 2  (5) 
where δb is a mixing length coefficient. This 
artificial viscosity is used to produce horizontal 
diffusion term. The quantity B varies smoothly from 
0 to 1 so as to avoid an impulsive start of breaking 
and the resulting instability. 
Boussinesq-types equations cannot describe the 
detailed flow conditions and require an additional 
term to account for energy dissipation due to wave 
breaking and to prevent numerical instabilities 
resulting from frequency and amplitude dispersion7). 
Kennedy2) has solved this problem by adding an 
artificial viscosity for dissipation term in momentum 
equation as explained previously. This artificial 
viscosity is only useful to calculate the breaking 
term, thereby we need a modification to get an eddy 
viscosity which can be used to evaluate the vertical 
diffusion. 
The relationship between eddy viscosity and 
artificial viscosity has been derived considering the 
Reynolds stress equation as the following 
equation5): 
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where L is the wave length. By substituting this 
equation to the breaking term in Eq.(4), we 
obtained: 
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The eddy viscosity was derived empirically5) 
obtained following equation: 
( )[ ] [ ]22 wduddCv brt +−=  (8) 
where C is a constant, d is total local water depth, 
dbr is total water depth at breaking, u and w are 
horizontal and vertical velocity, respectively. 
Vertical velocity is calculated as follow8): 
( )22212 2),,( FFtzxw ξµ +−=   (9) 
where ξ is the distance from bottom and dispersion 
(µ) is obtained as follow: 
00hk=µ   (10) 
where k0 and h0 are typical wave number and still 
  
water depth, respectively. 
 
3. SEDIMENT TRANSPORT 
 
(1) Suspended-Load Transport 
Since the slopes of concentration profiles to be 
inversely proportional to the particle fall velocity 
(ws) for oscillatory flow, the convection-diffusion 
equation can be applied to compute sediment 
concentration distribution as follow9): 
0=+
dz
dccw ss ε  (11) 
where εs is sediment diffusion coefficient, c is 
volume concentration at height z above the bed. Fall 
velocity is calculated by the following equation10): 
s
s d
Rvw =  (12) 
where v is the kinematic viscosity of water, ds is 
characteristic diameter of the particle and the 
Reynolds number (R) is calculated as: [ ] 09.10968.009.10 5.02 −+= AR  (13) 
The Archimedes buoyancy index (A) is calculated 
as: 
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where ρs and ρ are density of sediment particle and 
the density of the fluid, respectively; and g is 
acceleration of gravity. 
By assuming that the Schmidt number equal to 
one, we can obtain the sediment diffusion 
coefficient (εs) equal to the eddy viscosity (vt), εs = 
vt. Where the eddy viscosity is calculated by Eq.(8). 
By integrating Eq.(11) in the vertical section from 
the reference level (za) to the free surface elevation, 
and assuming that εs is constant over depth 
(depth-averaged sediment diffusion coefficient, 
sε ), we obtained: 
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where ca is the sediment concentration in the 
reference elevation11) by considering the bed shear 
stress formulated by van Rijn11). 
By integrating the sediment flux in the vertical 
section, the suspended sediment transport rate (qs) 
can be estimated as follows12): 
∫−= ηhs dztzutzctq ),(),()(  (16) 
 
(2) Bed-load Transport 
Under the time-varying water velocity ( tu
r
), 
Bailard13) formulated bed-load sediment transport 
rate ti
r
 written in the following form: 
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where cf is the drag coefficient for the bed (cf = 
0.003). Bed-load efficiency (εB) is the ratio between 
bed-load work rate and stream power14). By using 
field data and laboratory data, Bailard13) calibrated 
the model obtained εB = 0.21. Tan β is the 
magnitude of the bottom slope, φ is the internal 
angle of friction of the sediment (tan φ = 0.63). 
 
4. RESULT AND DISCUSSION 
 
(1) Performance of Eddy Viscosity Model 
In the laboratory experiment, a beach with 
uniform slope of 1/35 is connected to a region with 
constant depth h = 0.40 m.  Plunging breaker wave 
was generated by a bulkhead wave generator. 
Details of the experimental set-up can be found in 
the work of Ting and Kirby15). Some data regarding 
with this experiment were obtained in a paper 
written by Zhao16). 
Fig. 1 shows the schematic view of the numerical 
wave channel where the coordinate system is chosen 
so that x = 0 is located at position with the still water 
depth h = 0.38 m on the slope. Test waves are 
regular and the incident wave heights Hi and periods 
T in the constant water depth are 0.128 m and 5.0 s. 
Monochromatic wave was generated by using 
source function method17). The source function was 
placed 11.0 m from the toe of the slope. The 
calculation domain is 40 m long with the grid sizes 
set to ∆x = 0.025 m and the time step ∆t = 0.001 s. 
Fig. 2 shows a model-predicted wave decay as 
compared to the laboratory data. They are 
dimensional plots of wave height versus distance 
from the toe of bottom slope. The computed 
breaking point obtained by the present model is 
located earlier than the measured data. The 
discrepancy of wave height in surf zone was still 
over estimated. However, the distribution of wave 
height in the surf zone is closer to the measured data 
compared to Kennedy model. 
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Fig. 2  Wave height distribution. Black line:present model; 
gray line:Kennedy’s model; circle:experimental data 15). 
 
Fig. 3 shows the variation of phase averaged 
water surface elevation at the cross-section. In this 
figure, the water surface elevation η is normalized 
by the local water depth η+= hd ; η  is the mean 
water level from the SWL. A good agreement 
between simulated results and measured data is 
clearly observed, although some difference is 
noticed. 
The corresponding phase averaged horizontal and 
vertical velocity component of water velocity are 
shown in Fig. 4 and Fig. 5, respectively. Although 
the discrepancy is occurred between simulated result 
and measured data around t = 1 second in surf zone 
(x = 9.295 m), the proposed model produced more 
accurate velocity than Kennedy’s model, especially 
for vertical velocity. 
 
(2) Sediment Transport  
Laboratory data of measured suspended 
concentration are collected by Ikeno and Shimizu18). 
A large wave flume (205 m long, 3.4 m wide and 6 
m deep) was used with initial beach slope, wave 
height, wave period and water depth were 1/20, 1.0 
m, 5.0 s and 4 m, respectively. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 4.  Horizontal velocity at x = 7.795 m (a), x = 9.295 m (b). 
Legend: as shown in Fig. 2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5 Vertical velocity at x = 7.795 m (a), x = 9.295 m (b). 
Legend: as shown in Fig. 2. 
 
The median grain size (d50) of the bed-load was 
1.0 mm. Vertical distributions of suspended 
sediment transport flux in the surf zone are 
measured simultaneously by optical turbidimeters, 
electromagnetic current meters and capacitance type 
wave gauges18). 
Present model has been applied to compute the 
suspended sediment concentration by setting the 
computation domain according to those data. Grid 
sizes set to ∆x = 0.2 m and the time step ∆t = 0.01 s. 
The origin system (x = 0) was located at the toe of 
bottom slope, as shown in Fig. 6. We evaluated the 
output data of velocity and sediment concentration 
for the running from 15T until 20T time step 
assuming that the wave fluctuation has been stable 
in this range.  
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Fig. 3  Phase-averaged water surface elevation at x = 
7.795 m (a), x = 9.295 m (b). Legend: as shown in 
Fig. 2. 
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Fig. 7 shows that the simulation results of 
horizontal velocity can be well comparable with the 
available measurement data. The simulation data is 
not available at elevation -0.5 m and lower in surf 
zone (gage c) due to erosion in this area cannot be 
produced in this model. To minimize the effect of 
uniform grain size over depth in the simulation, the 
characteristic diameter (ds) in Eq.(12) is calculated 
by the following formula9): 
505.0 dds =  (18) 
Fig. 8 shows the comparison between computed 
and experiment of time-averaged suspended 
sediment distribution in the surf zone. These figures 
indicate that computation results with the eddy 
viscosity formula show good agreement with the 
available laboratory data of suspended sediment 
concentration. However, the discrepancy in the surf 
zone area (gage C) is occurred. 
Fig.9 shows the comparison of simulated result 
and laboratory data of bed level change over 8 hours 
simulation. The net morphological response (Fig. 
10) is summarized by 0.2 m erosion of the offshore 
part of the beach, and 0.2 m accretion of around the 
breaking point as the compensate of the erosion. 
Suspended load transport is the dominant factor in 
this morphological change. Compare to the 
experimental data, this morphological change is still 
underestimated in the magnitude, but reasonably 
approved in the location of erosion and accretion 
until x = 58 m. The underestimation of erosion in 
the surf zone area may be caused by the assumption 
that the grain size is uniform in the horizontal 
direction over the simulation.
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Fig. 8  Vertical distribution of time-averaged sediment concentration at x = 46 m (a), x = 56 m (b) and 
x = 66 m (c). Legend: As shown in Fig.7 
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Fig. 7  Vertical distribution of time-averaged velocity in the surf zone at x = 46 m (a), x = 56 m (b) 
and x = 66 m (c). Solid line: present model; circle: laboratory data18). 
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Fig. 9  Beach morphological change over 8 hours of 
simulation. Dark line: present model; gray line: 
laboratory data18). 
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Fig. 10  Net morphological change. Legend: as shown in Fig.7 
 
5. CONCLUSION 
 
In this paper, a quasi-2D model of 
hydrodynamics and sediment mass transport is 
developed and applied to study the sediment 
transport in a wave flume. Surf zone hydrodynamics 
on a laboratory uniform bottom slope, subject to 
regular wave condition, is quantitatively simulated 
by the numerical model. Proposed eddy viscosity 
model predicted breaking point earlier than 
measured data. However, the calculated wave height 
in surf zone is closer to the measured data than 
Kennedy’s model. 
The time-dependent cross shore model for sand 
suspension is evaluated considering a regular wave 
propagating in a bottom slope. The comparison of 
the predicted and experiment of suspended sediment 
concentration as well as morphological change 
shows the applicability of the present model. This 
model can be easily expanded to quasi-3D model 
which can be used to simulate sediment transport in 
a two-dimensional horizontal region. 
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